In this paper, results concerning electrochemical deposition of Ni-TiO 2 composite coatings are presented. The influence of electrode potential, concentration of TiO 2 in the electrolyte, as well as the influence of magnetohydrodynamic effect (MHD) on deposition rate, composition, current efficiency, structure, surface states, and coatings surface morphology is described. Electrochemical studies were preceded by thermodynamic analysis of the system. In addition, the electrokinetic potential (ZP) of TiO 2 particles in applied electrolyte was determined. Electrodeposited composites contained up to 2.15 wt. pct of TiO 2 . Depending on the applied electrolysis conditions, the current efficiency recorded up to 31.7 pct for B = 0 T and up to 34.2 for B = 1 T. Electrochemical studies as well as further material characterizations indicated the strong influence of the magnetic field on processes taking place at the electrode surface. Several results indicated that the synthesis process is accompanied by precipitation of nickel hydroxides and nickel hydrides as well as by hydrogen evolution reaction (HER). The obtained coatings were also characterized in order to determine their photoelectrochemical properties.
I. INTRODUCTION
RESEARCH on the development of new, efficient, and environmentally friendly solar energy conversion systems has been conducted for many years. The main limitations of such systems are related to the catalytic properties of the applied materials. [1] One of the most interesting and widely studied processes is the conversion of solar energy and its storage based on photochemical hydrogen generation. [2] Hydrogen possesses a low molecular weight and high value of combustion energy. In addition, hydrogen combustionresults in water formation, making it the most environmentally friendly available energy carrier. The location of nickel on the DH Me-H À log(i 0 ) dependence as well as the properties of specially photosensitized and modified TiO 2 , [3, 4] and its resistance to photo corrosion, semiconducting properties as well as its efficiency of UV-Vis absorption allow for the assumption that a combination of these materials may allow for the synthesis of composites of the required properties suitable for photocatalytic water splitting. Common routes concerning the design of materials for hydrogen generation by water splitting are focused on platinum group metal (PGM) alloys, [5] [6] [7] [8] or the synthesis of new PGM-free alloys, [9, 10] semiconductors, [11, 12] or metal-semiconductor composite materials. [13] In the literature, there are also many reports concerning the application of TiO 2 -based heterostructures of increased charge carrier separation for this purpose. [14] [15] [16] The photocatalytic hydrogen generation in metal-semiconductor systems consists of two parallel processes. In the cathodic one, H + ions are reduced to H 2 while in the anodic one, under UV light oxidation, water molecules are oxidized. The process can proceed on semiconductors of band gap larger than 1.23 eV corresponding to the water splitting potential. The valence band of TiO 2 is more positive than O 2 /H 2 O redox potential, and its conducting band is more electronegative than the H + /H 2 redox potential. In addition, TiO 2 is highly resistant to photocorrosion under UV-Vis radiation as well as to reactions taking place on its surface making it the most suitable candidate for these kinds of purposes. [17] The properties of electrochemically synthesized Ni-TiO 2 have been investigated most thoroughly in terms of photoelectrochemical properties by de Tacconi et al. [18, 19] The Ni-TiO 2 composite has many other potential applications including selective methanation of CO, [20] selective oxidation of chloronitrobenzene to chloraniline, [21] hydrogen generation by photoelectrocatalytic glucose reformation, [22] and photoreduction of CO 2 to methane. [23] One of the methods of synthesis of the Ni-TiO 2 materials is electrodeposition. Mohajeri et al. reported results concerning successful pulse potential deposition of Ni-TiO 2 composites of wide composition range from Watts bath. [22] Thiemig and Bund obtained Ni-TiO 2 coatings by galvanostatic deposition from sulfamate baths. [23] Sulfamate bath was also applied by Stankovic et al. for the analysis of the influence of TiO 2 concentration in the electrolyte on the surface properties of deposited Ni-TiO 2 coatings. Synthesized coatings contained up to ca. 4 wt. pct of TiO 2 at very high concentration of TiO 2 in the electrolyte amounting to 80 g/L. [24] A number of papers devoted to the synthesis of Ni-TiO 2 composites in recent years show that investigations focused on the analysis of effects influencing transport kinetics in electrochemical aqueous systems containing nickel ions and TiO 2 particles are still of great importance. [24] [25] [26] The literature indicates possibilities for modification of the properties of materials synthesized through electrochemical methods by the presence of a magnetohydrodynamic (MHD) effect generated by the Lorentz force, causing an additional convection in the electrolyte. Modification of the magnetic field configuration may influence the composition, structure and morphology of alloys and semiconductors. [10, [27] [28] [29] [30] Lorentz force acts on ions as well as diamagnetic particles moving in the electromagnetic field if the lines of electric field crossing magnetic field ones. Interaction between disturbed electric field and magnetic field result in generation of Lorentz force which in turn is responsible for magnetohydrodynamic effect (MHD). It can be found in the study of Feng et al. that as the result of magnetic field action in near electrode area numerous eddy vortices are located causing additional convection. [31] The presence of the above-mentioned eddy vortices may also positively influence the desorption of gas products formed during cathodic electrode polarization from the electrode surface [32] as well as improve dispersion of particles in the volume of the electrolyte. Results of MHD action may be compared to the effects of electrolyte stirring. Additional mixing in turn increases the gradients of electrochemically active species and reduces the thickness of diffusion layer, which may influence grain size of deposited material. [33] The main objective of the performed studies was to analyze the influence of working electrode potential, concentration of TiO 2 particles in the electrolyte as well as value of magnetic field induction vector value (B) on composition, structure, surface properties, and morphology of the synthesized coatings.
The approach based on magnetic field application to synthesis of Ni-TiO 2 composite materials applied and presented in the current study is novel and not described in the literature. Studies conducted indicated possibilities of magnetic field-controlled synthesis of composite Ni-TiO 2 coatings from electrolytes containing acetate nickel complexes for the first time. In the literature so far, there are no reports concerning results of electrogravimetric studies under magnetic field, which provide clear evidence of MHD effect on synthesis of Ni-TiO 2 coatings.
II. EXPERIMENT DETAILS
Electrolytes were prepared by dissolution of analytic grade 0.1 M NiSO 4 (Aldrich) and acetic acid (C 2 H 4 O 2 , 99.5 pct, Avantor Materials) in deionized water, and the pH value was adjusted to 3 by the addition of NaOH (Avantor Materials). Colloid electrolytes were prepared by the addition of 0 to 10 g/L of TiO 2 powder [Evonic P25: anatase (80 pct), rutile (20 pct) ].
The electrokinetic potential (ZP) of the TiO 2 particles was measured using a Malvern Zetasizer, NANO ZS (Malvern Instruments Ltd.) apparatus equipped with a He-Ne (k = 633 nm) laser. The ZP was determined based on average of three measurements. Before measurement, colloidal electrolytes were dispersed in the presence of ultrasounds for 2 hours. Measurements were performed at room temperature stabilized for 120 seconds.
Thermodynamic calculations were performed using Medusa/Hydra software. [34] Electrochemical tests were performed by means of a BioLogic SP-200 potentiostat/galvanostat. For electrogravimetric tests, the potentiostat was equipped with a Seiko (QCM922A) electrochemical quartz crystal microbalance (EQCM). In electrogravimetric tests, the WE (working electrode) was gold-sputtered quartz crystal (S = 0.25 cm 2 ). The WE surface was placed perpendicular to the cell bottom. The electrolyte volume in electrochemical tests was kept at the same level. Electrodeposition of composites was performed onto a copper sheet (A = 3.14 cm 2 ). Just before electrodeposition, the electrodes were etched in a mixture of HNO 3 (96 pct, Avantor Materials), CH 3 COOH (99.5 pct, Aldrich), and H 3 PO 4 (85 pct, Avantor Materials) with a volume ratio of 1:1:1. As reference electrode, a Leakless Ag/AgCl electrode was applied (0.214 V vs NHE). All electrochemical tests as well as electrodeposition were performed at room temperature.
XRD (X-ray diffraction) analysis was performed be means of a Panalytical Empyrean diffractometer equipped with a Cu anode (40 kV, 40 mA). Spectra were registered in an angle range of 2h = 20 to 60 deg in step intervals of 0.0263 deg and at a scan rate of 0.5 deg/ min.
Chemical composition was analyzed using a WD-XRF (Wavelength Dispersive X-ray Fluorescence) Rigaku Primini II spectrofluorimeter. Elemental analysis was performed for A = 3.14 cm 2 . During measurement, the sample was rotated.
A Quanta 3D 200i scanning electron microscope was used for characterization of morphology of electrodeposited composite coatings. Due to the high roughness factor, observations were performed at a magnification of 2.5 k.
The XPS analyses were carried out in a PHI Versa Probe II Scanning XPS system using monochromatic Al Ka (1486.6 eV) X-rays focused onto a 100 lm spot and scanned over an area of 400 lm 9 400 lm. The photoelectron take-off angle was 45°, and the pass energy in the analyzer was set to 46.95 eV to obtain high-energy resolution spectra for the Ti 2p, Ni 2p 3/2 , C 1s, and O 1s regions. A dual-beam charge compensation with 7 eV Ar + ions and 1 eV electrons were used to maintain a constant sample surface potential regardless of the sample conductivity. All the XPS spectra were charge referenced to non-functionalized, saturated carbon (C-C) C 1s peak at 284.8 eV. The operating pressure in the analytic chamber was less than 3 9 10 À9 mbar. Deconvolution of spectra was carried out using PHI MultiPak software (v.9.7.0.1). The spectrum background was subtracted using the Shirley method.
Magnetic field was generated by a ER-2505 electromagnet (RadioPAN, Poland), and a magnetic field induction vector of B = 1 T was oriented in parallel direction vs working electrode surface.
Photocurrent activity measurements were performed by means of a diode of 375 nm, and with 140 mW applied from a power supply (Instytut Fotonowy) controlled by a RIGOL DG4062 generator in pulse mode. The applied pulse duration was 2.5 seconds, and the interruption time was 7.5 seconds.
III. RESULTS AND DISCUSSION
This research was started from the thermodynamic analysis of the Ni 2+ -Ac À -H 2 O system ( Figure 1 ). The calculated dependences allowed for the determination of pH and ligand concentration range corresponding to thermodynamic stability of electrochemically active nickel complexes. Reactions taken into account in thermodynamic calculations with equilibrium constants are presented in Table I (50 pct) complexes. The determined electrokinetic potential (ZP) value for the TiO 2 particles in the electrolyte amounted to À 3.83 mV, indicating its high susceptibility for coagulation. Figure 2 presents DPV (Differential Pulse Voltammetry) curves recorded in a TiO 2 -free electrolyte. In voltammograms, there are visible changes of cathodic current density related to the reduction of nickel complexes. Electrogravimetric studies performed in this system show the course of reduction reaction in the same potential range as was previously reported. [38] Based on the current density changes at E = À 1.2 V for several values of the magnetic field induction vector (B) (Figures 2(a) through (c) ), the i ¼ fðm 1=2 Þ dependence enabling determination of diffusion coefficients based on Berzins-Delahay Eq. [1] shown in (Figure 2(d) ) was plotted. [39] i ¼ À3:6733 Â 10
where i is the cathodic current density (A cm À2 ), z is the number of electrons consumed in electrode reaction, v is the sweep rate (V s À1 ), D j is the diffusion coefficient (cm 2 s À1 ), and [j] is the concentration of several complexes in the electrolyte (mol cm À3 ). Analysis of the influence of B on the values of the diffusion coefficient indicated that the magnetohydrodynamic effect generated by the external magnetic field influences the processes of transport of electroactive species to the electrode surface. The observed changes of diffusion coefficients under several conditions ranged from D = 1.13 9 10
À6 cm 2 /s (1 T). An increase of diffusion coefficients with the increasing magnetic field induction vector clearly indicates significant influence of magnetic field on the species transport kinetics. Voltammograms were recorded at a sweep rate of 40 mV/s. Independent of B value, the observed differences in current density were slight, but changes in the cathodic current resulting from the presence of the magnetic field were observable confirming that the magnetic field influences the kinetics of electrode processes. A similar effect was generated by an increase of TiO 2 concentration in the electrolyte, but visible changes in cathodic current in this case probably resulted from the influence of TiO 2 on the kinetics of the electrode reaction related to HER. In Figure 4 , there are visible current-time transient curves with corresponding electrogravimetric ones recorded during potentiostatic deposition of composites at potentials of E = À 1.2 V, E = À 1.3 V, and E = À 1.4 V for 60 seconds. Electrolysis was conducted at magnetic fields of B = 0, 0.5, and 1 T. Regardless of electrolyte composition as well as B value, the strong influence of the working electrode potential on the rate of electrode reactions was indicated. Similar to DPV curves (Figure 3) , current-time transient characteristics as well as electrogravimetric ones (Figure 4) clearly indicated the influence of the magnetic field as well as the concentration of TiO 2 in the electrolyte on the kinetics of electrode reactions. In the registered current-time transient curves recorded mainly for E = À 1.3 V and E = À 1.4 V, there were observed sudden changes in the cathodic current densities which are related to HER. As seen in Figure 4 , electrogravimetric curves provide clear evidence of the influence of magnetic field on kinetics of electrode reactions resulting in the formation of coatings and that reactions are diffusion controlled. An increase of magnetic field induction vector value results in change of kinetics of mass transport through increase of gradient of electrochemically active species in the surface area of the near electrode. The effect in turn results in the increased rate of deposition which is indicated by the increase of changes in quartz crystal electrode oscillations. Figure 5 presents cyclic voltammograms with corresponding quartz crystal resonator frequency changes recorded as follows: E = À 0.3 V fi E = À 1.6 V fi E = 0.7 V fiE = À 0.3 V at a sweep rate of v = 20 mV/s. In recorded voltammograms, a clear peak corresponding to the reduction of acetate nickel complexes has not been observed, whereas in the anodic branch two peaks related to oxidation of phases formed during the cathodic sweep are visible. As was described in previous study, peak C is related to the oxidation of the b-Ni phase (hydrogen rich), while peak D is related to the oxidation of a-Ni phase (of low hydrogen concentration). [38] An increase of TiO 2 concentration up to 5 g/ L resulted in significant changes in cathodic current density observed in the HER range. Further increase of TiO 2 concentration up to 10 g/L resulted in less significant changes. Current density changes in the cathodic range did not clearly indicate the effects of several electrolysis parameters on the kinetics of composite deposition, while changes of intensity of peaks in the anodic branch as well as changes of the quartz crystal resonator frequency changes clearly indicated the significant influence of several electrolysis parameters on the kinetics of composite synthesis. The obtained results indicated that both the presence of the magnetic field as well as TiO 2 particle concentration influenced the increase of the composite deposition rate. Figure 6 presents the results of WD-XRF analyses performed for the synthesized coatings. Coatings synthesized without the presence of a magnetic field contained a higher TiO 2 content than that deposited at B > 0 T. TiO 2 content in composites synthesized at B = 0 T ranged from 0.9 wt. pct (E = À 1.4 V, 2.5 g/L TiO 2 ) to 1.62 wt. pct (E = À 1.2 V, 10 g/L TiO 2 ). A decrease of electrode potential from E = À 1.2 V to E = À 1.4 V resulted in a decrease of TiO 2 content in coatings by 0.2 to 0.3 wt. pct. A positive effect of TiO 2 concentration in the electrolyte on its content in deposits was observed independent of the working electrode potential value. In the presence of a magnetic field, the effect of the potential decrease on TiO 2 content in the coatings was the reverse to that observed at B = 0 T. Independent of TiO 2 concentration in the electrolyte, a decrease of the electrode potential resulted in the increasing TiO 2 content in cathodic deposits. At B = 1 T, the TiO 2 content in coatings ranged from 0.31 wt. pct (E = À 1.3 V, 2.5 g/L TiO 2 ) to 2.15 wt. pct (E = À 1.4 V, 10 g/L TiO 2 ). The influence of the working electrode potential on the increase of TiO 2 content in deposits is more pronounced with the increase of its concentration in the electrolyte. The effect of the magnetic field on incorporation of TiO 2 into the Ni matrix is also clearly visible. The presence of the magnetic field caused an increase of TiO 2 content in comparison with coatings synthesized at B = 0 T only for materials synthesized at E = À 1.4 V from electrolytes containing > 2.5 g/L TiO 2 . For E = À 1.3 V, an increase of TiO 2 content was observed only for electrolyte containing 10 g/L TiO 2 . In the remaining cases, the presence of magnetic field caused a decrease of TiO 2 in the synthesized coatings.
Cathodic current efficiency was analyzed based on charge quantity corresponding to electrolysis and electrode mass changes related to coating formation. in the Ni 2+ -Ac À -H 2 O-TiO 2 system. Independent of the magnetic field configuration, the decrease of electrode potential resulted in an increase of the quantity of charge related to electrode processes. The exception is the coating synthesized at E = À 1.4 V, where an increase of TiO 2 concentration in the electrolyte resulted in a decrease of charge quantity by 1 C, indicated by the reduction of the rate of electrode reactions. In the case of current-time transient curves recorded in the presence of the magnetic field, an increase of cathodic current density was noticed (Figure 7(b) ). Changes of charge related to electrode reactions amounted to 8.3 C caused by the presence of the magnetic field in the case of Ni layers were most visible at E = À 1.3 V. In the case of composite layers, the influence of the magnetic field was the most significant for electrolyte containing 2.5 g/L TiO 2 at E = À 1.3 V, where changes in charge quantity amounted to 15.5 C. The course of recorded chronoamperometric indicated an increased kinetics of electrode reactions under magnetic field, and this is coherent with previously described results of DPV, CV, and electrogravimetric studies. Table II presents values of real charge determined based on the electrode mass changes and charge determined on current-time transient curves visible in Figure 7 . In each case, the presence of the magnetic field resulted in an increase of electrolysis efficiency. The highest increase of cathodic efficiency by 20.4 pct caused by the presence of the magnetic field was observed for a composite coating synthesized using electrolyte containing 10 g/L TiO 2 at E = À 1.4 V, whereas the lowest, amounting to 2. 2+ complexes toward the electrode surface which in turn limits the concurrent reaction of H + ions reduction resulting in hydrogen gas formation.
In Figure 8 , there are visible XRD spectra recorded for samples deposited from electrolytes containing acetic nickel complexes. Although the TiO 2 content in all coatings deposited at B = 0 T exceeded 0.9 wt. pct in XRD, spectra peaks coming from the anatase and rutile TiO 2 phase were not visible. It was observed that regardless of applied electrolysis potential as well as TiO 2 concentration, precipitation of nickel hydroxide takes place. [40] In addition, peaks coming from the Ni 1Àx H x [41, 42] phase show the presence of hydrogen absorbed into the nickel crystal lattice. Hydrogen absorption was also confirmed by results of voltammetric and electrogravimetric tests. In XRD spectra recorded for coatings synthesized in the presence of the magnetic field, despite the TiO 2 content in coatings being higher (> 2.5 g/L TiO 2 , E = À 1.4 V), peaks coming from the TiO 2 phase also were not observed. In that case, only peaks coming from the Ni 1Àx H x [41, 42] and Ni 1ÀxÀy O x H y [40] phases were observed, as was observed in case of coatings deposited at B = 0 T. The recorded spectra reveal the clear influence of the magnetic field on Ni matrix crystallization kinetics, which was indicated by an increase of the intensity of (111) and (200) peaks coming from the Ni metal phase. [43] XPS measurements were performed for samples of the highest concentrations of TiO 2 deposited at B = 0 T and B = 1 T. In Table III , electrolysis parameters corresponding to the analyzed coatings as well as results of surface quantitative analysis performed based on recorded XPS spectra shown in Figure 9 are presented. In Figure 9 (a), there are visible 2p spectral lines of doublet structure with the main line centered at 458.7 eV, indicating the presence of Ti 4+ states due to the presence of TiO 2 [44] (Figure 9(a) ). In the coating surfaces, large amounts of C (ranging from 35.8 to 52.2 at. pct) and oxygen (from 31.8 to 35.5 at. pct) were detected. The quantities of C and O in the coating surfaces were higher for the sample deposited at B = 0 T by a few percent. The surface concentrations of TiO 2 at the electrode surface were found to be 2.3 and 5.2 at. pct for B = 0 T and 1 T, respectively. It was observed that the surface concentrations of TiO 2 and Ni were significantly higher for coatings deposited in the presence of the magnetic field. Significant quantities of carbon and oxygen at the coating surfaces are probably related to the presence of compounds adsorbed from atmospheric air and species coming from the electrolyte. Figure 9 presents XPS spectra recorded for the analyzed coatings recorded in the Ti 2p (a) and Ni 2p (b) regions. The presence of magnetic field resulted in significant increases of intensity of Ti 2p 3/2 and Ti 2p 1/2 peaks related to the increase of TiO 2 content at the coating's surface by 2.9 at. pct. In the Ni 2p region, an increase in the peak intensity caused by the presence of the magnetic field related to an increase of Ni concentration by 7.2 at. pct was observed. For coatings deposited in the presence of magnetic field, decreases of oxygen and carbon concentrations by 3.7 and 6.4 at. pct, were observed, respectively (Table III) . XPS and WD-XRF results indicated that TiO 2 content regardless of the magnetic field configuration was higher in the bulk material by 0.68 at. pct for B = 0 T and by 3.05 at. pct for B = 1 T than that at the coating surfaces. Figure 10 presents morphologies of composites synthesized in the Ni 2+ -Ac À -H 2 O-TiO 2 system. Coatings were synthesized at potentials of E = À 1.2 V and E = À 1.4 V from electrolytes of TiO 2 concentrations of 0 and 10 g/L. Regardless of electrolysis conditions at the coating surface, there are visible pores indicating places corresponding to a localized hydrogen evolution reaction (HER). Observations also reveal parallel traces indicating the direction of the movement of desorbing hydrogen bubbles. Due to the low value of pH, the rate of reactions resulting in the formation of hydrogen bubbles was relatively high. Traces are most visible in Observations also indicated the influence of the magnetic field on the elimination of the quantity of traces formed by desorbing bubbles at the electrode surface. At E = À 1.2, the presence of the magnetic field resulted in the total decay of traces. Differences were observed in the surface morphology of coatings deposited in the presence of magnetic field resulting from additional stirring effect arising from MHD effect. Figure 11 presents the results of photoelectrochemical studies indicating the presence of TiO 2 in the deposited coatings. The analyzed coatings were deposited at E = 2 1.2 V for B = 0 T and at E = 2 1.4 V for B = 1 T. The observed intensity of pulses was ca. 5 lA/ cm 2 . The increase of TiO 2 concentration by 0.53 wt. pct resulted in the increase of photocurrent pulse height of 0.6 lA/cm 2 . The observed changes in the generated photocurrent related to changes in TiO 2 concentration were very insignificant. The cathodic characteristics of the generated photocurrent in the presence of dissolved oxygen suggest that the incorporated TiO 2 is strongly defected. Registered chronoamperograms also indicated different levels of current densities under dark conditions showing the positive influence of the presence of TiO 2 on the kinetics of reactions related to HER.
IV. CONCLUSIONS
The changes of cathodic current densities observed in DPV curves as well as the determined diffusion coefficients indicated the significant influence of the magnetic field on the kinetics of transport of species to the electrode surface. The strong effect of the magnetic field on the kinetics of processes accompanying the synthesis of Ni-TiO 2 composites was also indicated by the quantity of the charge related to the synthesis of coatings under several conditions as well as by the slope of the recorded electrogravimetric curves. The changes of the slope of electrogravimetric curves resulting from changes of B value are a clear evidence regarding the influence of MHD effect on mass transport processes. It should be noticed that under the magnetic field, the effect of decreased electrode potential on TiO 2 content in deposits was quite opposite relative to those observed at B = 0 T. The presence of the magnetic field of B = 1 T regardless of electrolysis conditions resulted in increases of current efficiency as well as cathodic current density as indicated by current-time transient curves in almost all cases at B = 0 T, and a decrease of electrode potential value resulted in a slight increase of current efficiency. The positive effect of potential changes on current efficiency was observed only in the Ni 2+ -Ac À -H 2 O and Ni 2+ -Ac À -H 2 O-TiO 2 systems containing 10 g/L TiO 2 . The above facts indicate the very complex character of the processes responsible for the formation of composites in an acetate-based system. The shape of current-time transient curves as well as cyclic voltammograms indicated that the synthesis is accompanied by HER. Electrodeposited composite Ni-TiO 2 coatings contained up to 2.15 wt. pct TiO 2 . The efficiency of Ni matrix electrodeposition ranged from 21.1 to 31.7 pct for B = 0 T and from 28.9 to 34.2 pct for B = 1 T. The XRD and XPS results indicated the presence of nickel hydroxides and nickel hydrides at the surfaces of synthesized coatings. The possibilities of its formation were previously indicated by cyclic voltammograms. Pores as well as parallel traces at the coating surfaces also indicated that the synthesis process is accompanied by HER. SEM observations also confirmed that surface morphology is strongly dependent on electrolysis conditions. The presence of TiO 2 was also indicated by the observed photocurrents generated by materials under illumination at k = 375 nm. Performed electrochemical studies as well as the results of coatings' characterization demonstrated that the application of magnetic field may be a very useful method enabling modification of the properties of synthesized materials due to its influence on kinetics of processes taking place at the electrode surface during electrodeposition process. 
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